Several preparations of diphtheria antitoxin of different degrees of purity described by Northrop (1) in the preceding article were investigated in the ultracentrifuge and in the electrophoresis apparatus. The main object was to test the homogeneity of the materials and also to obtain a value for the molecular weight of the purified antitoxin.
sisted of several proteins of the same molecular size and shape but which reacted with different amounts of toxin.
Experiments performed with antitoxin preparations obtained without trypsin treatment are summarized in the second half of Table I . All preparations, whatever their titer in antitoxin, have the same sedimentation constant, s~0 ater ~_ 6.8 X 10 -13. For example, Experiment 12 was carried out with a fraction obtained from normal plasma, the material of Experiment 8 contained only 15 per cent antibodies, whereas the ratio L//PN, of the material of Experiment 11, was as high as that found for the purest sample obtained by trypsin digestion (900 L//PN). However, the sedimentation constant of the three specimens was the same within experimental error. Some of the sedimentation patterns can be seen in Fig. 1 .
It is worth mentioning that Kekwick and Record (6) recently came to the conclusion that there were at least two distinct diphtheria antitoxins, one present in the 13-globulin and the other in the "),-globulin fraction of horse serum. They reported that the constant of sedimentation of the/3-fraction was 7.18 X 10-13, whereas that of the ?-fraction was 6.87 X 10 -13 in agreement with the value reported here. Experiment 14 was made with the toxin-antitoxin complex dissolved in 0.05 ~ acetic acid. Two components could be detected in roughly the same amount, but the sedimentation constants corresponded neither to toxin nor antitoxin.
The diffusion constant was determined optically as previously described Table I ). A trace of the heavy component s~0 ater = 18.0 X 10 -18 can be seen in Fig. 1 c. water particular medium, D~o = 5.56 X 10 -7 from which the calculated value D2o = 5.76 X 10-7.
1 Data have been summarized in Fig. 2 where the values ~ are plotted against t. As required by the theory, a straight line is obtained which extrapolated passes through the origin, which shows that no disturbance occurred at the time of formation of the boundary. This had been observed by Longsworth It can then be concluded that the antitoxin molecule obtained by pepsin treatment has the same size and shape as the pure antitoxin obtained by trypsin treatment. The statement of Petermann and Pappenheimer that, "the increase in immunological potency of the digested antitoxin is directly proportional to its decrease in size," does not seem to hold in the case of the trypsintreated antitoxin since, as mentioned above, the fraction used in Experiment 11 with a sedimentation constant of 6.84 X 10 -13 was as active as the pure fraction of Experiment 6 with a sedimentation constant of 5.65 X 10 -13.
Electrophoresis Experiments.--Some of the results obtained can be seen in Fig. 3 . Fig. 3 a represents the pattern of the descending boundary obtained,
205 minutes after the beginning of electrolysis, with the fraction used for centrifugation Experiment 7 (pH 2.9, specific conductivity 0.01095 at 0°).
One component was present with a mobility u = 4.05 X 10-t Current was reversed for 205 minutes and the pattern appeared as seen in Fig. 3 a' . There was no appreciable reversible spreading. Figs. 3b, 3c , 3d, correspond to fractions respectively 6, 8, and 12 of Table V of the current electrolysis was continued for the same respective times and the appearance of the patterns was as shown in Figs. 3b', 3d, 3d'. Only one component could be detected moving very slowly towards the anode with a mobility u = -0.4 X 10 -5. There was, however, a considerable amount of reversible spreading in all three samples, especially in No. 6. It has been often suggested that reversible spreading observed during electrophoresis of a protein near its isoelectric point is a measure of its electrical homogeneity. Since, in this case, the amount of reversible spreading was the same in two samples, one of them with constant solubility properties, the question arose whether another cause than heterogeneity could account for the reversible spreading. As suggested by Northrop (1), the phenomenon might be connected with electroendosmosis. Experiments were then made with samples of fraction 8, one being dialyzed in veronal buffer ~/15, pH 7.2 (specific conductivity 0.00273 at 0°), the other in veronal buffer ~/15 plus ~/20 CaCls, pH 7,1 (specific conductivity 0.00841 at 0°). Both electrophoresis experiments were carried out with a current density of 0.027 amp./cm. 2 and the periods were so chosen as to make the products e X t the same in both cases. Results can be seen in Fig. 4 . I refers to veronal buffer, II refers to veronal plus CaCl~ buffer, "a" and "d" stand for ascending and descending boundaries, Ia and Id show the boundaries before electrolysis, Ia t and Id' after 85 minutes of electrolysis, and Ia tp and Id" 87 minutes after reversal of current. The amount of reversible spreading is considerable and the difference in the pattern of the rising and descending boundary is small. IIa and IId are the initial boundaries, IIa' and IId' are the boundaries 240 minutes later, IIa p~ and IId", the boundaries 240 minutes after reversal of the current. The amount of reversible spreading is small. The presence of CaCh has diminished the spreading.
It can be concluded that reversible spreading in this case is not a measure of the homogeneity of the material.
Some electrophoresis experiments were conducted to find out how different the pattern of an immune plasma would be from that of a normal plasma to which some purified trypsin-treated antibodies had been added. Dilute samples of normal plasma, immune plasma, and normal plasma to which was added the same number of units present in the immune plasma, were dialyzed against the same phosphate buffer, pH 7. at 0°). After dialysis, the samples of immune plasma and normal plasma plus antitoxin, contained about 250 units per milliliter. Electrolysis of each of the three samples was carried out with a current density of 0.027 amp./cm. ~ and the appearance of the pattern after 1½ hours can be seen in Fig. 5 ; a corresponds to the normal plasma, b to the immune, and c to the normal plus purified antitoxin (all descending boundaries). The differences are sharply marked. The addition of purified antitoxin has slightly enhanced the amount of the ?-globulin component of the normal plasma, whereas the pattern of the immune plasma is very different. There is a slight decrease of albumin, as so often noticed with immune plasma, a small increase of a-and ~-globulins, and a very large one of v-globulin, so large, in fact, that it prevented the resolution of the fibrinogen component. The important conclusion to draw is that the large amount of "y-globulin present in the immune plasma contains either antibodies of much lower activity besides the pure antitoxin isolated, or a large amount of inert protein.
Measurement of the area under the different maxima of the patterns permits estimating the concentration of the corresponding components. As can be seen from TableII, the concentration of the -/-globulin fraction plus antitoxin in the immune plasma is 1.65 per cent as compared to 0.6 per cent for the corresponding fraction of normal plasma, plus purified antitoxin, having the same total immunological potency.
It appears from Table II that the large 3,-fraction of the immune plasma has an average mobility nearly twice that of the ^/-fraction of the normal plasma plus antitoxin. Since the fibrinogen component was not resolved in the pattern of the immune plasma, definite conclusions cannot be made. It is worth mentioning that Tiselius and Dahl (5) found that their immune glob- ulin fraction with a mobility of 2.0 to 2.4 X 10 -~ was gradually transformed, by treatment with pepsin, into a component merging into the ~,-fraction.
Ultracentrifuge.--The apparatus previously described was used. The control of the temperature of the rotor has since been greatly improved. Following a suggestion of Dr. MacInnes of these laboratories, the possibility of making sedimentation experiments at low temperature was investigated. A cooling coil connected with a commercial frigidaire unit was installed inside the vacuum chamber. The chamber was insulated by two concentric cylinders of polished chrome-plated copper sheets which were placed between the cooling coil and the wall. Both steel end-plates of the vacuum chamber were insulated by discs, also made of chrome-plated sheets. Temperature of the rotor was measured by bringing the junction of an iron-constantan couple into contact with the rotor. This could be accomplished while the chamber was evacuated because the thermoelement was mounted on a rod which could move vertically through an air-tight bearing. With this arrangement the rotor could be kept at any temperature between -5 ° and room temperature. In order to facilitate heat exchange, a pressure of 0.15 ram. of hydrogen was maintained in the chamber for high speed centrifugation. All experiments were made at 57,600 R.p.~s. Under these conditions the temperature of the rotor could be kept constant or nearly constant for hours if the temperature of the chamber was about 10 ° lower than that of the rotor. For instance, the temperature of the rotor during Experiment 12 (Table I ) was 18.8 ° before centrifugation and 19.3 ° after a 2 hour run at 57,600 ~.P.M., an increase of only 0.25 ° per hour, five times less than under a vacuum of 10 -6 mm. of Hg.
The rate of sedimentation was determined by the Philpot-Svensson "Schlieren" method. In a few cases measurements were duplicated with the Lamm "scale" method. Both methods gave the same value for the calculated constant of sedimentation within 4-0.2 per cent.
SUM'ltI'ARy
Ultracentrifugation studies of diphtheria antitoxin showed that: 1. Purified antitoxin of high activity obtained from horse plasma without enzymatic treatment has exactly the same sedimentation constant as the globulin fraction obtained in a similar way from normal horse plasma $~ter = 6.9 X 10 -la.
2. Purified antitoxin obtained with trypsin digestion of the toxin-antitoxin complex has a sedimentation constant of s~ tCr = 5.5 4-0.1 )< 10-13, a diffusion constant of D~ ter = 5.76 X 10 -~, and a molecular weight of about 90,000.
Electrophoresis experiments demonstrated that: 1. The trypsin-purified antitoxin has an isoelectric point not far from pH 7.0. 2. The reversible spreading noticed at about pH 7.3 cannot be attributed to heterogeneous preparation.
3. The large increase in the 7-globulin fraction occurring during immunization consists either of antitoxin of various degrees of activity or of someinert protein in addition to the antitoxin.
